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IN T R O D U C T I O N

E p i de m i c  hemorrho— ;ic fever was recognized for  the

L i r s t  t ime  in  Korea irs 15 1  among US troops ( 1)  and has

s i n ce been known as K o r e a n  h e m o r r h a g i c  f e v e r  ( K E - I F )  . A f t e r

the Korean War , the d i sease  ‘~a s  desi gna ted  as endemic in

the a r e a  of t h e  demilitarized zone (DMZ) between North and

South Korea and since has been gradually spreading south—

west ’-rly. However , most cases are still reported near the

DM~ where American and Korean soldiers are stationed . Korea-

wide , 300 to 900 persons are hc’ spitalized from KHF every y’ ;r.

Hemorrhagic fevers wi th a very similar syndrome to

KUF are being reported in Manchuria (2,3,4), Russ ia (5 ,6),

Scandinavia (7,8), several countries in Eastern Europe (9)

and Japan (10) . -d

Al though  60 ye a r s  have ~assea since hemorrhagic

nep hroso—nephri tis was first reported in Vladivostok , its

etiologic agent and reservoir were unknown until 1975. - In

the early 1940’s Japanese (2 ,3,4), and Russians (5 ,6),

successfully reproduced hemorrhagic fever by injection of

urine and sera of acute-stat.JL patients into volunteers.

Filtered sera of patients also produced clinical symptoms ,

so this disease had been suspected as being of viral origin.

The injection into humans of a suspension of Trombicula

mi tes obtained from Apodemu s agrarius also reproduced the

1
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h er n o r r h a gi :  f eve r , such t h a t  m i t e s  had been suspected as

the vector , and f ield roden ts as the reservoi r .

The investigator or al. rt’;,orted the demonstration of

a s I - ~’c i l ic  a n t i g e n  and of s p e c i fi c  a n t i b o d i e s  of KUF in

197€ ( 11)  , and weat on to i s o l a t e  the o ti o l og ic agen t  of

KF F i n  1978 ( i 2 )  t o r  t h e  f i r s t  t ime . L onv a l e s c e n t  sera f r o m

hemorrha~;ic fever w i t h  r ena l  synd reme  in  USSR ( 1 2 ) ,  f r o m

e~~i d o m ic  h e m o r rh a 1 ;i c  f e v e r  in Japan  (13) , f ront  n e p h r o pat h i a

ep idemica  in  F i n l a n d  ( 1 4 )  and S’.veden ( 15 ) ,  have since been

shown to be positive for the antibodies. In contrast, no

fluorescence can be see n when infected Apodemus lung tissue

is reacted with antisera to Marburq , Ebola and several

arenaviruses (12)

From 1974 to 1978 , 114 strains of the 1<1-IF virus were

isolated from wild Apodemus aqrar ius coreae. The same virus

was also isolated from acute bloods of 8 KUF patients in

adul t Apodemus. Virus-like particles , spherical with a

diameter of about 60 nm arid in crystalline array, were observed

in the cell cytoplasms of pulmonary tissues fron 5 infected

Apodemus (16); confirmation of this findin i is i n  progress

by immune electronmicroscopy . The virus was successfully

propagated in ~podemus through 30 passages; Apodemus ID50

was 106 3 /ml. The virus passed throug h a 0.1 t i  but not a

0.05 ~i millipore filter and was chloroform sensitive .

2



The i n t e c t  i v i t y  ot  t h e  v i r u s  v I i s  oI ’ s i t r l l l i z e d  by c o n v a l es c en t

S e n  t i ; i ~ . Px p e ci ment 1i  1 l y i nocu la t  € 0  T~pt. demos ,I e ve  loped spec i f  I I ’

f 1o t o i 0S C~ ’n t  a n t i gen i n  l u ng s , k i dn e y s , l i v o t  , p ai l 10 g l i n t - - ,

tin h I - ii i b - i  - An t ibod i t s  appe e el  d u r i n g  the  f i r s t  week  o t

ny m ~~t oms , reached  a peOk a t  t h u  o t H  of t h e  second weev  and

h ive p er s i s t  t . d  ‘is l e i i i j  aS 14 ~~~ ,r s .  Among r o s i du  n t  s of both

n o n— e n d e m i c  and  e n dem i c  a r i a s , a nt i b o d y  pr e v e l a i  cu ’  was 1. 0~ -

and 3 . 8 %  r espec t  i v e l v .

T h i s  repor t  p r c s t .’nt s  the  r e s u l t  01 t he  pr o  led on;

1)  i s o l a t i o n  a t  KF IF v i r u s  f r om  A 1a i e m u s  m i c e  on ’ pa t  ic r it s ;

2) antibody responses to the h i d -  v i r u s  i n  a n i m al s ;  3) rh~-

r a t i o  of c l i n ica l and s u b c l i n i c a l  infection in ndemic areas;

4 )  c u l t i v a t i o n  of the v i r us  in  A 5 4 9  c e l l s  a n d ;  ~ ) p r e l i l u L n a i  ~

s t u d i e s  of v e r ti c a l  t r a n s m i s s i o n  of EI1 F v i r u s  ir  Apodemus

09 carL us .

M/’ r n .  h [AL S AND M i - - I  NODS

Surv ~~~ a reas

S u r v e y s  were  c a r r i e d  ou~ i n  Korean c 1v I I i ~~n f a r m

v i l l a g e s  w h e r e  many  cases of Ki l l ”  have  been repel ted eu c ’i i

y ea r .  Two a r e as , n a m e l y  Pochun and  S o nu i s n er i  of K y u n g ido ,

wer- ’ surveyed .

3
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Co I it-ct i o n , i dent i t t e at  11 1 1 1  t a d  p t  I l - t a : ;  I t i~~ e t  r o d en t s

I a I rig I t “o t naps , t a le  i t t  ~ \S’t ‘ I  ~~ il r (  ~ red I ri I l i t ’  I i el 0 ,

i f l  i t t ) u ’Ul t i v , i t e d  :; , ‘ i i i l r  \‘ t ’ I J t ’t a t  i o n , md n e a t  I a nt i Ow e !  I Ings .

‘ i t o  e; w et  ~ e I i ri t he I a t e i I 1 e t  M l  a a nO e x 1 t  i i i  t i ed ~i t m i i i  n i q l i t

an d  at I , t~ %’l I . A lit 1151 1 a W e t  0 t 1 , 1 1 1 : ~ ~t I t t Ia  I I t ye t e t he 1 abe t a I ‘ ‘ I  y

in  St ’eU 1 . l i P  ~oJ :; l inp I en sot e ol r t ~~i f l & ’ l i  t r y  t ’~ I i i i  I a~’ puitet U I  0

undo  t 1’h lon e  I 01111 , t n t ’~~ t ht ’a t o , .ind t he ~i t t  int a in wet e O u t  0 115 t e d .

P a t o t  i d  q I , t t t d a  , sp l e e n , 1 u n g :;  , 1 i ve t  ,iriul k l l l t ’ti ’\ ’i l  w er e  t et~ov t ’~ i

~tnd  WC I ‘I t1e~ I . l’ o t t t on s  o I ‘a c l i  t ~ a ii  w e t  e I i t  r at  ed w t t h 115

pU 7. 4 ) cen t  a i t t  t u g  I ~
a’ t cel i  t is ‘V t h e  p l o  smo ~ii bunt in 11SSA 1

ter vi i n s  iso  1 at  i on , an d  t h e  i t ’m,t  s n~l o t  wa s  a t  e t  ed , i t  _ 7 O l ~ C

N o t  :~,i I AL r o l l t I mi i  a a ~i t ‘ i t  i i t s  I 01 1 i l ~~’i 0 1 0 t y  s t  itO i en

-~ \ ~~~ a It ’it itt  a’ i i  - i t  i it s  ‘01~ & ‘ , t t ’ 5 0  t 0 ~t ‘t a t  neil  . it  i ‘li i n 1 s I and

.i nd Aj’ollt’luul S , t l ] h 0 1  i us - i t1h  ‘ t ~ a t~’~ ‘ i  e I I ‘i p p e d  on ~J e  in  I a I 1 t t  ii

Nt ’ i t  h o t  i s l a n d  u i a s  ~‘v e t  t o g  i n t e t  t O  c a s t ’s o f  Kill” . These

an i ma I a ~~
- 

~~~~ ‘t i  ~ 
-- i~ g

St t -t i t t  ot  k i l t ”  v i i  n i t  enij~ I eyt ’ui

A l I e x p t ’ t -  i n t e n t  , i l  and d i  , i ’ in i ’st  i c  t~t ’ t k  w , l~~ t l o i t e  w i t h  I i t i n i

t i S a i t t O;  i t t  I e t~~t tad w i t  h ki l l ”  V i  t U S  a t  t 001 ‘ I, t / 1 1 5 , 7 l i t  l\j ~i~di ’nliia

p055 ,1111 ’ 1 Il) . ‘l’o t i l t  , it  e the i f l t  o ct  t O l l S  ,u i e n t  i f i  pt ’ t t ’e tu t

l t m q  St tS} ’ t ’l ia t O U S  S’ e t t ’ p t ( ’~ ta t~~~~l w h I t 5 S \  I t ’ l o t  i t  ~~~~ at I , thh~

0 I o t  I i )  m i  n . ) , ,i  nd n ,ipe tlia I , i l t  I a S r  ‘ 10  t i S t ’ t i  t 0 I fl0i ’tt l a t e  ce I I

OI l it ures  , t rid an i ma I a.



The 1050 i n Apodemus was 106.3/1.0 ml. Titration endpoints

for ~~~odemus ag rar iu s  rodents were calculated 20 day s  later

by the Reed-Muench method.

F luore sce nt  a n t i b o d y  t e ch n i 1ue (FAT)

The i n d i r e c t  FA procedure  was used ( 1 2 )  . FITC-conjucjatt-d

p o l y v a l e n t  i m m u n o ql o b u l i n s  of goat  o r ig i n  prepared a g a i n s t

h u m a n , g u i n e a  p ig ,  mouse , r a t  and rabb it immunoq iobulins

were purchased from the Iiyland Co., Cali f .

~~~ cirnens_from KH F p~ ti e nt s  and norma l hu man sera -

‘

Initial blood and urine samples were ~aken as soon as

patients were hospitalized , and more blood samples were

taken at regular intervals during the course of the illness.

Seia from residents of endemic , near endemic and non-endemic

areas of KUF were obta ined fro m the local hospitals and kep t

at —40° C until used . Sr ’ra from US personnel in Japan who

had never been to Kor ea were  used as controls. Superna tants

of 10,1’ suspensions of lungs , kidneys and livers from KIIF

patients post mortem were used for iso lation of KHF virus

in normal ~podemus.

Anima l s fo r  v i r u s  growth  an d_ an t ih o d ~~~j r odu ct i o n

lielathy animals as listed in Table 12 were used for

virus niu iti plicat’on and for produc tion of specific antibodies

against KliF virus. 8,000 Apodemus 1050 of KHF virus (7 6/118,

7th passage in Apodemus was inoculated into the animals

S



m i t  r aniu si ’u i~i r .1y and t h e  an t  i l n a i y t i t  i t S  e t  s or t  w e i t ’  t u t ’a sn l  ed

by t h e  I 1”A techu t gue at  ce i t  a t  ri i u t  e c v i  I s a t  tom t Il t ~~‘U 1~tt 1 , 1 1 1 .

Tis su e  t ’U I t or e  eel I s

A r  -I ’) c t  - 11 s wit  i oh were  k i t i d  I v a u~’p 1 i e 1  by I i i  . 0 . I- ’ t e t t c  It

of  (ISAMIl 1 I i )  W e n t ’ used t r r  i t 1i ’owt it and -tn t I g t ’ i i  ~‘i epa t , t  t t O l l  t a t

KU F v i r u s .  K i l l ”  v i t u s  7h 1 18 wan i t i o c t i l  i t  i’d i l i f e  A’ ’-1 9 ci ’I  i s ,

p 1 m s i ;e t i  t e~’eo t i ’d I y ~m t 1 ~‘ day  t n t  e n v 1 t  1~ ; and t n fee I i ’d c e l l  s at

the  7 t h passage  we r 1  used as o t t  I i go n .  Pet  a i is ott t he pniTo t o  —

ion o t KII F ’ a n t  i go n  in A~ 4 1) ee l  l~; I or  t he I F’A t t ’chn i t in e  a I t ’

o m i t t e d  here  s i nec D~ . I - t o u c h  w i  1 1 soon pub !  i sit t hem it i mse I t

I rom j~o t i e nt s  of  ej’ 1 d en t i  c 
- 

hemta t i t n t ; ic  t ever  i t t  Jaj’~a1t and

nej r h 1 0
~~~

1 -1 t h i  I t  ~ j~~dem i t O  ~ fl I o t t O

~;e l - a  I rum pa t  en t s et  ep id e mi c  l t e I U C )r r l i , i q  i c  l e v er  i l i

Sond a i  , Japa n W o r e  o Pt  a m c d  I 1 0111 I t t . 1 sh i d a  oI  Tohoku

1 t y,  and  s t’l~~i f t ’etii l a i t  t e n t s  e t  n o p h r op a t- h i a  ep i d om ~ c,i

were  s u p p l i e d  by Dr . I O l ’ i t l ev  i t - I  ~i o f  l ie ! n i  u k i  [ li i i \ ‘ e t si  t y

Set t t rom inunitnizod , i b 1 I ~i i1  w i t it K1W v i t  i i i ;

1ttUUUfl ~~~ ’, t ’  I _ I  1 1 0111 Aj ’ o l i o h i t i l : ;  , rabbit s sirid t i t  a pt  o t l . i t ’t ’d

in t. ho cx  ta’ n j men t do so t  Pt ‘0 abe vi’ wore used t o t  i ’oIhi ~ s i t  ,i I I \‘ t ’

1 i t t t  t i - ’t a ly  t i t  t a t  i e l t  w i t h  m n t t ’c t o t l  A j o ; t ’ i u i i a  l u ng  t i sSues o t t O

4 1) ‘el I 1 I r i t  t ; i ’ t i : ;

(1

-
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I O , I I t I 1111:01: 1 s a l o n  of  k i l l ’  V I I I ’ ’ I i i

P t  i ’ q t l, t t :  I \ )~lt ’mtt  11 i i i  ‘ , ‘ I  o, I w i t Ii K i l l ”  ~~‘ i I  I i  a Wt ’ I t ’ , ‘t ) i  l i t ’ I O t i

~n t t o  ‘t t ~I t ’ i i i i t _ ’ O m  t O : ;  t i l t !  d i l l  t ’ j ’ ’ 1 t ~~ t i .  ~‘I’ ’t  h o t  a , t ’ i ; ; t ’ t  ,~~ r : ;  . i t t d

5 l I ’ ’ k t  t i l s i : ’  S t t t ’ t ’ X , t I l l i 11( 11 1 , 1 1  ‘1 t ’ S t ’ I t t ’ * ’ t ’ I  K i l t  V I  I l l s  t i l t I i ’ ’ i

try PAl ’ 1 , 1 1  S r a t ;  i P [1 ’ ~~~ I i c , t  I I I i l l  :1111 1 : ; a I O I l  01 Ku - V 1 1 i i  S

)
i-~i-:~ ;i I ‘i’ :

t a t  Ki l l - ’ j ’, t  I j t ’ t t t  t ;  t t t  0 8

~~~~~~~ ~ / 9  P ~~~~~~ I a !  i . •
~ i O . t 5 t ’S s ’t  Kil l ” I ’ l l 1 t ~~ i t  1 ’ i l l

Kot t i n  10 7 5  a n t I  I 0 i n l i t ’lll s- el  o 115 A t  t h y  no  l I i  0 1  5 , , I i i

s i t  ‘wit 1 0 ‘i’ , i l ’  I t ’ 1 .

2 . I so l i t  i on  01  K I l l - ’ v i i ~~~ I 0111 A t , n , n  ‘111115 a - ;  1 . 1 1  i i i ’ ;

l i t  i~ / n , I t  (~~~ ( ‘ I t  I i SS U t ’ I i  1 1111 1 ~~
‘ ‘ t odoit t t ;  t .. t p t  i i i  t ’t l  i i i

ondom t o  a t  e t a  w e t  e i ’X , l f l l  i n ed  i ’v  1 10 I i - A  I i ’i ’h i t  i gu t ’ . .‘ I a t  t a i n s

o t  K il l- ’ V i i  115 w e t ’ i s o  l o t  t ’~l I t r ’Ilh A 1’o it ’n t t t : -  , I O I  I I  I l l :  - , I 5 : . i ; ~ ‘tOt

i l l  ‘1 , 11 ) 10 2 , A t o i , i I  e t  1 1 4  : ; t i , t i it - t a t  K i l l ”  \ ‘ i l t i : -  W O I ’ i ’ a r l , t t r t i

s o l e l y I t ent ~~~~s J t ’u i t i ~~ n i t  ‘ ‘  1101 t i t ~ ; I~~ ‘ 4 _ I l l ’ S , , t : ,  : . i t t ’s’;i i t t  ‘~ , t l ~ l ’

V i  t~~ sj ~soI~~ t l o l l  t !Onl~ 
K i l l - ’ 

~ , t t i o t t t  P l ’a ’ ,i

‘I’ t ’lt t I. s’~ ‘nt  y nil  1 1 1 tat ai I s t ’ t  i ’ t , I ‘, o t t  I m~ r ut  ~‘,t ~ ’t t  K 1 1’

~‘ t I  t t ’ t i t ~ w i t  h i t - i  i ’  t I i ’ ~’ t ; 01 t e l  I i~t t ’ o tt s i ’t  t~ I I ‘V o l  , , i t i ~ I o t t o  ~~ot ’L

, t  I t ’ , i . t’tti I i t  ‘t ’t i t  t tq  is’ , I }‘ i ’ t I l l  t Ut  ‘0 . ‘I ’Iii  - I l i t ’ 1 t i l l ’ ~~‘ I a l i t  1 I ’~’I1 \

I i t o ;  t o  K i l l ” \ ‘ L I l I : -  t i t  I i t t ’ 2111 1 l ’ I t ” ’ t l  : l ’ t ’ s ’ l I h l t ’ t l  u n i t ’ i t  }r t r ; - h l ’ i t ’

t ‘1 t ’t ’ f l  I I t  i t t  I h t  t I i i t ’ t;t ’ is’ t ’ t  t ’  K i ll ’ p t  I I ~‘Ii t t t . • ‘ r tii l 01 1 i t s, ’ i i i  I 1 i s  I

t I l t r ~’, I  t ;~ ’s ’c t U t ’ t t S  i s s ’ t  0 I l l  ;t a ’I  ~‘~1 i i i t  .-‘ij ’ t ’ t , ’u ; t ; ; ;  I it t t , t t i t i i s t ’ti I - i i  I v

- t -~~~~
.--- - - -‘~~~~~ ‘- ‘- -~~~~~~~~~~~~~ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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- \ .  Shi ’S’lI i n  ‘I’ , t t t i t ’ -I , I ho i i t ’ s ’ ; i I . m (  i o i t  i n  i t s ’  t i l t  f t ’l ’ t ’ i i t  l ’ i ’’’ st

5l4’o l l t i s ’ I i ’  1 0111 K I l l - ’ } ‘ i I  t e n t s  i t i l t ’  -‘\ j ’ t r t i s ’ I ’ s i ; ;  t • ‘ s u l  I t ’ ’i  i t t  i ; ; t r l t t  i t ’ I h

I I lit ’ V I t I I ; ;  l i t  S s, ’ 1 S t ’ : ;

i it~~ - ~ ~~ i t ~s, i i ’  ~~~ t t I ‘~ ‘0 i t ’ a t~ ‘ pi s t t  i t t  I 110 ‘ I I  t 1;

l - ’ l t ’ ’ - t 1 t - t i i t  , i ~ t e l  oi t ; ; o t  t a t  1 it s ’ t i t ’ ; I ’ - l S t ’ , , l i i  - i t  t t ’ t l i 1 ’ t  Wa ~~ I i t . t t I t ’

‘ 1  t - - -  1 , i  I t I in - \ I I i t : ;  I I t ) I11  ( i t o  , I t ’ l l I  0 : ‘0! 111 1 1  I I s 5’ I t  I , t i t  t i I ‘ , ‘ t i t t ’ ; I  ,

i s  w i : ;  t ~‘p er  I t ’d ~~ i ~~~~ l t ’ i I a l y  1 2 )  • I : ; t ’ I , j t  i t ’l l  o I  I I t s ’ ~
‘ i i i i ; ;  was

i , ’ t t  I s ’V s’ t i i i  2 c , s  :‘e’s o l t t  ot  1 .‘ i n  I’) 7’ . I n  I t) 77 a t t l 1 ‘)78

w i t hi i t t  , ‘o i t :,  i d t~ ra t i t  nut , t ’~ I t i to p I t ’ :0 ‘h Ot ’ i ’  I a i t t  t t n t  n il y , 1 1 1’! i s  “I

l . l ’ t ’c i l U t ’ l l S  W e t s ,’ t ’ l l I i r I t n y O s , l  t o  m s o l . i t  o t h’ i - i t  i t s  L t y  i i t t a s ,’ n I , i t  i n t l

I h ’i ’t I l i t  t )  .-\j r dernu ; ;  i t t  . o I I h o s t ’ t ’ , i 5 t ’ ; ;  I ho v i  r im s w as  t t ; t n i , t t  e l .

‘rit e I ’ t , s ’ , f  5~~’O~~ 1 1 1 10115 i l l  i s P  t ’ h  l i i i ’ l i t  I I ;  I s o i , i t  i t ’ l l  s’,e~

- t ~‘lt i t  \ t ’ t i  1s t  - I I ’  a I I Ct I I t t  • I e ’l is’ I I P 1 it I ’  t i , t  
~ 

S ~l I t 01  I Ps ’ t t t  l i t ’

t r ~~ i 1 h i t s ’s : ; . Two :;t  t d  t i - i ; ;  is’ t ’l  5 ’ 1 a oI t t  ed I i  t ’ I l i  , t t i t  m l s n t l y  I t t ’ g , t t  I V t ’

h I s s ’ t i  ,I  nO ~t I s ’  I lie t s t x at , t  u t : ;  t t 015 0 a t  I l ’~’, l  ‘
~
‘ ‘1 ) 1 1  t I t V t ’ ;;~ us ’ j f l I t ’ f l

Tb I S ~l t  ‘ t i t ,  ‘ I i ; ;  I t - i t s ’I; I t t,i I I i to \ i l - i l l;  i - t - 
t } ’ i tn l~ ’ 01 Pt ’ I I t t )  1 St ’! at (Si

I t t ’ i t t  i n l o ’ d  ~~l t s ’ t  i t t ’ t  i t  i i i ; ;  t i l t  i i ’~’ l  i t ’ ;; t ’ t  it tn I

At I t ’Il l I ’ t  11 s’s - u t ’ m a th ’ I o m ;;, ‘l  , t t  o K i l l - ’ i ’ i t  u~ I rent 1 1 t i t i i t t ’

:;l ’t ’c m ien ;;  t ’t  i ’ l l  l y  :;t ‘toe p~t t  i e n t  a ~ nt1 ~t 1 so t I t ’ltl . i t i t  op a y

m a t  s ’l  t o ! ; ;  t t l  ‘ t Kt lF ’ i ’a t  l e n t  :; l i t  \ ; r , t d , s t t l i i . ;  . T l t s ’n t ’ 1it  t enh i r t  S 5 0 1 1’

non — 
~ n l  t~~l ;  Is, ’ I i V i ’ , - 5 ,’; sh t,ns’it l i t  ‘l’ , l t ’ 1  t - i r  . I I W O  1-  i t O  I j ’ i ’ 55  i i n !  e I

it ’; t i - i I o K i l l - ’ V t I l l s  a i t t  I ‘ion  i t t  ( h i ’ I i  I n t i : ;  ~i i t t !  k i J i l t  ‘y ; i n  I

Its ‘ O l in  P ’ ~~‘ t I l l  s ’t i ~ i t ;  t 1 )111 Kfl I” i I i o t t t  s .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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4 .  A,~’j, ’t ’ ,i n e i t c e  o f  
- 

1- ’ a n t  i bod l t ’5 to Kilt ” v i r u s  i i i  sc ra of

K I l i  j ) 11. t t t t t  ?

It w a :,  l t t ’cs, ’SSa r -y  t o  know when  a i t t  i P’ ~d i t ’S a ’;a i ns t K i l l ”

v i r u s  i p p - o r  l I t  t he  s e l , i  of K i l l ”  p a t i e n t s  t t ) t  ai ’ i t r l o g c

h i ag n es  i s . As shown in ‘I’ oh  1 e 7 , , t r i  t i t t r t  I i  e a 1) 1 ‘ , ;  i it to a~ l I l t r

n i t ~h t  l i t  t t ’ t  Onat ’t t a t  l e v e r .  l i i  most  bu t  not a l l  c a st - s

a n t  i hod i OS - i p p t ’~ t t ’ e ’1 by  I l ie  7 t h  d a y .  I t  was 1’~~SS 1 1)10 to

d e ni o ns t ’ u at e  iF  , m n t  t h, n t j t ’ s  , i ’ i aj n s t  X I I I - ’ v i rus i t t  s or a  of

K~~ ’ pat  1en~~s at t o t  the  8th day I rom ‘nSoI of illness.

Di st r i but ion o 11- ’ a n t  ; i r ta1  l i e : ;  t ta KI IP  v i  t os i n  huma n SO 1 , 1

Ot ’cu r r e nct ’ of  II ” a n t  i b o di es  t o  K i l l ”  I ’ l l  U S  i l - i  s o t  a t rom

endemic  ar e a s  , n e a t -  ot t d em i  c a ;  c I S  and  n o n — e i i d e m l  c a i s , ’,t s  01

Kill” near the DM ’/1 and t r o m  US s t r i t h e n s  ~ t 1 i tj ot s,’s,1 i n  Koie ,t s- i : ;

ex a m i n e d  in  1978. The results Showed that 3.8’# , 2 , 7 % , l. O ’~

and 0. “~ of t h e  s it u p ies co nt 1 t  t i t t ’d IF’ at ;tjbodit ’;; , r e s p ect  tv e ly ,

as shown in Tables 8,9, 10 and 1 1 . A l l  t a t  t h e  se t  u — l o s  i t t  ye

s a mi - l e s  b e l o ng ed  in the ,i~ e t ; n , ~ u I l  o~ 
2 0_ C 0 ~~ and IitOio of t h e

posi t i Vt’s we r i ’ I roni ft ’n t ~ los t han m,i in ’S .  i ’ j Vt ’ O U t  o t I hi ’ t i ’s ted

943 115  1 : 1  1 1  t a ry  per  ~t ’t i i t t ’l who i~- o t  0 s t a t  1 0 5 0 0  in Ko moa du rit iq

y e ar s  of l ’ ) 7 7  and 1978 w e r e  st ’ro — p o a l  I, ly e , as shown i l - i  Tabit’ 8.

in . Rat lo of ci in ica 1 ~tn (1 sub ~’ i i  it j c1i i i n f e i ’t i ott  01 K i l l ”

Out  ta t~ ~~7 t )  sold i e n s  a t  a t  i t t n e t l  i n  t h e  Kill ” endemic  a r ea s

ne1t r [)MZ f o u r  had a n t i  b e i  t ’5 spec i I i c t o  Kil l ”  v i i’us ,

con st  i t  t i l i n g  1 . 1 %  po s i t  i v i t  y~

9
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As shown in the Table 12 M m .  Chun and M r .  K i m , among the

four ant ibody positives , had i ii s t o t 105 01 admissions to

the C a p i t a l  Military lI o spi t~h 1 Itt ’ c,iust ’ of Kil l” in 14Th. In

t h i s  1 int l t t  od s t u d y  c l i n i c a l  m l  i ’n ’t ion of  K i l l - ’ was  0. 5 % .  ‘i ’ h i t ’ i t

ant ibody titers went’ 128 and 2 5 ’ , respec t i v o l y .  The t n t  h e r

two men hat! no s u c h  hi  St o i-i es ant!  had low an t  i body t’ i t  i ’t  I i

of t n  4 and  32 , respectively; these two may have had o i t  h en  a

m i l d  or s u b c l i n i ca l  m t  oc t  t o n  of K I l l ”  w h i c h  w o u l d  i nO i ~~ t o

t h a t  s u b c l i n i c a l  i n f e c t i o n  is  a l s ’t i t  0 . 5 % .

As shown in the Table 1 3 , t h e  antibody t iters 01 t h e

sam e po pu l a t i on  il-i the h y p e r — e r t d e n t  i t ’ -i ne1t of KIIF were t ~, ‘st ~~~~~

two t i m e s , on Oc tobe r  22 , 1977 and M a r c h  21 , 1978 , both

be f o r e  and  a t  ter the ep idemic season , t o  dot  er m i n e  t h e  ratio

of  c l i n i ca l  t o  s u b c l i n i c a l  i n f e c t  ion of t h i s  popul at  i on s .

0121  of 143 male sold ions stat i on t s . i i n  t h e  e n dem i c  o n e - i

d u r i n g  one ep idemic  season , 2 1;e ro_ p tas i t  ives  w e r e  f o un d

The t i t e r s  of IF  a n t i b o d ie s  sp ec i f  i t ’ to Kill ” virus were  L’

and 6’! , r e spec t i ve  1 y . D u n  i t i t i  this ‘ i ’ t i od Oh , S. K.  had no

suh ~ e c I i v e  symptoms , w h e t o , t s  Oh , 5. K .  w , i s  s i c k  w i t h  comrion

c o l d — l i  ke symptoms f o r  3 th ~t ya  . The no I i ta t a t  ~~~ht ’ I t  it i o i l

i n fe c t i o n  O t  KUF i n  t h i s  ~;i ’ot ip was  . 1 %  b u t  r a t i o  of cI  i i u ’1’.t!

to s u b c l i n i c a l  j n f e c~ ion was not ,tl ) I e t o  ~‘a!c u1at  e -

10
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7 . M n i l_t 1j I i c 3t l on  of KH virus and antibod y rcsponses to

the virus in atiin ;als

;t e w tl; of Kill” virus 1sn;l  an i body responses to the vir :t.~

in t n i: -als was  i n v t ’ s t i q a t ~ ’;i by I oculating intramuscularly

8,000 ID 50 ta t KIIF virus (76/118 ~train 8th Apodernus passatie)

i f l t t t  vari ou s i-~~o ci e s  of a n i m a l s .

Among 25 species of a n i n a l  - t e s t ed , o n l y  l u n g s  of

A1 d n s: s iS  a~j r a n iu s  showed presenc” of K IIE ’ v i r u s  a n t i g e n

after inoculation of S ,000 Arodt~ us ID 50 of K H F v i r u s

using the FA technique , t s  shown in Tabl e 14. None of the

animals showed any  i l l  s~’rn~-t o ms . However , Apodemus, Swiss

albino mice , rats , guinea pigs , rabbi ts and monkeys  all

produced IF and neutr alizin g antibodies against the Kill” v i t ’ u ;~.

Presence of Kill ” virus in various tissues of ~j~pdemus

was ex-imined 1i ’ ;ai n at c t-t tain intervals af te r inoculation

of 1,000 ID 50 of th e vi t is , as shown in Table 15. Viremia

was irst demon o roLl .’ 7 Ja’~’s a ft c i  i n o c u l at i on  of  the virus

and  i t  I n c r S i s t t - d  f o r  a few days. Virus multiplication was

Oem f l St  r i t  eJ in  p~i r o t i d  ~~i - i;sis a-; wn ’l 1 as in  liver and kidnev~
I t  was r s : t n ’i 10 days a f t e r  t h a t  i mmune complex coexis ted

wi th l’Th i’ virus in lung tissues f r  long  period of t ime .

11
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The antibody responses i n  r a b b i t s :

The d e t e c t i o n  of f luor e i - ; , ’i’t - i t  a n t i b o d y  a ft e r  in o cu l a t in ’-i

i n t ra mu s c u l a r l y  8 , 000 ID 50 of Kil l ”  v i r u s  i n t o  New Z e a l a n d

white rabbits (Figure 1), showed t h a t  in  two weeks the

an t  ibody l i t e r  reached a rt~ax imum of 2’~~- 8 l 92 .  Then it  ~as

i n c l i n e d  to be in drop-down , in  t w o  m o n t h s  s t i l l  ho ld ing

to r  somewhat h i q h  l eve l .

b) The a n t i b o d y  responses  in  sea

Fi gure  2 p i c t u r e s  the a n t i b o d y  response in g u i n e a  p igs .

A n t  i bodies began to ap p ea r  about  d a y- 2 0  o t t e r  v i r u s  i n o c u l a t i o n ,

rose to a peak t i t e r  ot  12 8 — 5 1 2 , and then d e c l i n e d  s lowl y .

c) The ant ibud~’ resj ’n a s e s  in rat s:

Fi gure 3 shows the antibody respo nses in rats. Antibody

rirst appeared 3 weeks after inocu1at~~on. The hi ghest t iters

were observed generally ,t the 4th week  and then dropped

down slowly.

0) The an t ibody  re~~ pnses~~ j~oden’us oo an u s _ coreae :

As shown ~n Figure 4 , antibodies began to appea r after

2-3 weeks , reached a maximum titer ,in i then declined slowly

t h e r ea t  t e r .

e ) The antibody responses in Swiss albino mice:

The an tibody responses were slow and poor in mice ‘.then

comp ared with other animals. Onl y 2 m ice out of 4 inocul-ited

with K 1 IF virus showed ant ibodies , and these las ted only

12
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for a short p e r i o d  of t i m e , as in d i c a t ed  in  F i g u r e  5.

t )  The a n t i b o d y_ resjon ses_ in - t  h e r  v a r i o u s  a n i m a l s :

As shown in Table 14 , antibod y product ion was also

demonstrated in mice , R~ittus norv og i cus , ~podemus - i :  H se

and Apodemus speciosus and monkeys.

Cultivation of KUF virus in tissue_Culture cei is

Very recently, C. French of USAMRI1D found tHiat a

con~~1nuouS epithelial cell 1ine-A54~~, derived from a human

lung carcinoma-support multipl ication of KHF virus as

evid enced by specific fluorescence spots in the cytop lasm

ot t hose cells. ~~~~
‘ have confirmed his finding and have

started to employ th e  use of A549 cells infected with KHF

virus as antigen to measure IF antibodies to the virus.

Simultaneous antibody titration of sera from patients of

KElP , of epidemic hemor rhagic f e v e r  in Japan , and of n ep h r o p at h i  1

ep idemica in Finland was carried out with KIIF virus infected

Ap~u l n ’r ~u s s  l u ng  t i s s ue s  a n d  w i t h  i n f e c t e d  A549  c e l l s .  As show ’i

in Tab l e  16 , i n f e c t e d  A 5 4 9  c e lL s  w e l t  not  as s e n s i tiv e  an

a n t i g e n  sys tem nis i n f e c t e d  Aj urdemus lu n o  t i s s u e s .

Tabl e 17 sh ows the r e s u l t s  of c o mp a r a t i v e  s i m u l t a n e o u s

ant it’udi titration of immune sera f i u m  Ap odemus, r a i d i t  t i de

rat w i t h  infected A r ’o demu s  lun’-i tissue and infected A54t) cells.

13
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The results in dic a t e h i t  i nfecte d A549 ce lls w i t h  K1IF ’

vi m s can  not  t~ u S t ’d , l 5  111 i t i t  i u . ’:t t a r  dt ’i~ot t ~~t t at 1011 o t

an t j hoJ i t ’S i n  se ra  Of ,t ;iimna ls .

Vo rt i ca I t r a n s m i s s i ’, t ~ t a t  K i l l - ’ v i  r u s  i n Aj~pdemu s n~ t at i i i~~;

l im it t o e  ~tudjt,’s were ~ion’ ’ to tt ’se,tnt ’h possible \ ‘ert1t ’~t l

ransmi ssion of K il l ”  vi ins t m-am in ect ed mo t her A1odemus

i t  tar i us to t ’t’ibryos and suck 1 i n~; s. F~ ~‘e natural 1 y in t oct  etl

~nrt~gt’iui t A~’o do;~ us w e r e  c au g h t  i n  t h e  en~1emic a r ea s of Kill”

i n  I ~ 78 , t h e  i r ~la t es of infect i on ur i k n ow n .  ‘l’ li x t ’e o f  a b o u t

20 day—o ld e mb r y o s  eund  in t l ie t t ’rus  of  one t a t  the t of  oc t  o~i

r u n t  hex  s Wt ’i e  au t op s i e d ; t he  Ki l l ”  t n t  iq e n  \s’ , t S  not p r e s e n t  in

he 1 un q s and  othe n organs . The o t h e r  t our in feet ed m o t h e r s

had t h e  v i r u s  in  t h e ir  lungs and k i d n t ’v~ l ni ,it  r e s u l ts  i~’ i  t h

Six  t a t  l~~, two of 30 , t iv o  ot  38 and lye ot ‘7 day—old

0 t t spr ings went’ sega t LVO , a s  Slitais S in  Tab le  18

D I S C V S S  I O N

Among the 379 hos p ital i .~ed r,ii-;es of KIIF  in 1-378 , a —

s e no l ot i i~ ’ d i a q n os i s  w a s  made i n  10 o f  t h e  ca ses i n v o lv  t n , ~

PS s ol d i e r s , in lt~8 t ’, I S C S  w i t h  K o t . ’~t :i snn ld jet s ~tnd  i~ 
t ) C t

c, sos w i t h  Ko t , ’ i n  c i v i l i a n s .
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It was reconfirmed t h u t  A; ede m e s  ag r ar i u s  coreae is

the only known n a t u r a l  reservoir of KI-IF virus in endemic

a r eas .  Dur  ~ng t he  pas t  y e a r , 21 new strains of tIn KHF virus

were  i so l a ted  f r o m  Apod emus ,  u ’h . -r eas  the v i r u s  cou ld  not

be t u ir i d is the other 8 species  tested. All t o i l ed  now , as

t i c  r e s u l t  of work c a r r io s t  on t h r o uch  the  past  f i v e  yea r s

( i ’~74 to p r e s e n t ) ,  114 s t r a i n s  of the  KII F  v i r u s  have been

i s o l a t e d  e x c l u s i v e l y  f r o m  the ~po demus species.

In  past  years  there  h ave been repor t s  t h a t  in j e c t i o n  of

hemor rhag ic  f eve r  p a t i e n t ’ s blood an d/ o r  u r i n e  could  induce

the d isease  in v o l u n t e e r s .  H owever , our  ef fo r ts  to isolate

the  v i r u s  f r o m  u r i n e  spec imens  were  u n s u c c e s s f u l  and

f u r t h e r m o r e , we can f i n d  no e v i d e n c e  to support  or c o n f i r m

the claim of successful propagation of the agent in experimental

a n i m a l s .  Up to the p re sen t  t ime , Apodernus ag r a r i u s  r ema ins

the one and only anima l wh ich is suscep tible to the EHF v i r u s ,

as f a r  as we can d i s c e r n .

Our lab has isolated 8 strains o f the v irus f rom blood

specimens of KHF patients; for the first time . In addition ,

we found that like specimen s ke~ t for prolonged periods at

— 60° C could also produce the same result , i.e. isolation

of the virus. Infectivity of the isolated viruses towards

Apodemus was neutralized completely with convalescen t sera

from K}IF patients, as well as with i mmune rabb it sera .
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Howev e r , we were  no t  a}O ~ to  i s o l at e  the  v i r u s  e i t h e r  f rom

u r i n e  am  t rom a u top s y  speci i s t i s  of K }IF p a t i e n t s , even t ho x ’,;h

the R u s s ian s  a r ~J Japanese h a ve  c ia  t ined t hey c o u l d  r e p r o d u c e

the  d i sease  by inoculation of urine t oni a cu t e — s t a g e  p a t i e n t s

int o volunteers.

IF antibodies to KHF V i t  us  were  100% denicntis tiable

in the s e ra  of i ’ i t i e n t s  7 d ay s  a f t e r  t h e  onset o f  f e v e r .

I t  was a s u r p r i s e  to r ind  t h a t  a n t i bo d i e s  s p e c i f i c  to

K H F v i r u s  w o r e  r o u n d  in less t h a n  4% of the  r e s i de nt s  o1~

endemic  areas , in spite of the f a c t  t h a t  the disease b ar

h oes recorded in those r egions  f o r  t h e  last  17 y e a r s .  There

is  no doubt t h a t  in  future y e ar s , cases of KHF W i l l  cen t  inue

occur i n  these e nd em i c  a t c ~~s , s ince as of now o n l y  about

~% of the  res 1 d~’ ; - t  p o p u l a t  ions  cn i o y  immunity t o  the  di~~eo se.

It  was d em o n s t r a t e d  fc- r th e  f i r s t  t ime t h a t  among U S

sold or s s t a t i o n e d  in endemic areas  of ~c i e a , t h e r e  is  ~~n

- i p pr o x im a t e  0 . 5 %  r a t e  of s u b c l i ni c a l  i n f e c t i o n ;  t h e r e  it ;  a

0 . 5 %  r a t e  of s u b c l i n i c a l  i n f e c t i o n  amon g Korean so ld ier s  C

s t i t  ioned in  the endemic ar e as  as w e l l .

A t t e m p t s  to t i n d  a l ab or a t o r y  a n i i u u l host tot KH F

v i r u s  s tudy  other  than  Ap demus a q i - t r i u s  have t a i l e d .

However , several species of l a bo r a t o r y  a n i m a l s  b -ore f o u i  d

to produce a n t i b o d i e s  a f t e r  inoculation w i t h  t h e  v i r u s ,

16
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and these a n i m a l s  may now be used fo r  p roduc t ion  of immune

sera .  We now feel  it  necessary to f i n d  out  whether  these

animals produce viremia and so may act as temporary reservoirs

of KHF v irus , whether this be as it occurs in nature , or be

i t  perhaps a purely ex perimental , but nonetheless a poten-

t i a l l y  u s e f u l  or even dangerous  phenomena !

Recently, rather conclusive evidence was forwarded

t h a t  the KHF v i ru s  was responsible  for  a ser ier  of ou tb reaks

of KHF in the Japanese c i t ies  of N i i g a t a , Sendai , Kobe and

Nagoya , and further that the disease very probrbly was ‘

~~~

transmitted by urban rodents and laboratory rats. These

recent findings cast a fresh epidemiological light on this

disease , which hitherto has been regarded as basically rural.

A host system that can be readily adopted to manipulation

in the laboratory is urgently needed and is urgently being

sought. Recently we have succee ded in colonizing Apodemus

agrariu s j~~judoica in the labora to ry , hut we can not anticipate

use of the colonized Apodemus fo r  expe r imen ta l  purposes , at

least for  the nex t several years , since very limitted numbers

are available now.

We have confirmed Dr. French ’s observation that A549

cells support multiplication of KHF virus in vitro; this

find has a certain log ic to it and should come as no suprise ,

17
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1 t i asn iuch as the  v i  t u s  grows best  in t he  lung a I Vt ’( )  i a x - cells

0 1 Aj odeml is  a~~n a i  in s  in  v ivo , whereas A 5 4  1) e el is a r e

t hemSe ivoi ; b r  i ~‘etb f rom h u m a n  lust ;  a 1 veola r cells.

The A 5 4 9  c e ll s  a re  a r~’ tson ibly sa t  i s f a c t o r y  d e t e c t o r

s y s te m  when used f o r  assay  of  the  virus and of the a n t i b o d i e s .

I i o w ov t ’n , o ut  p r e l i m i na r y  e xp e r i m e n t s  h a v e  shown t h a t  A 54 1

cells infected with KHF v i r u s  were  not as s e n s i t i v e

‘ I  
as i n f e c t e d  ~podemus l u n g  t i s sue s  when used as antigen f o r

demonstration m d/or t i t r a t i o n  of an t i b o d i e s  to the v i r u s ,

as v i s u a l i z e d  by the i F  a n t i b o d y  t e c h m i  i g ii e

Experiments as to the mode 01 transmission of the KUF

v i r u s  i n  A,poth ’mu s a t j r a n iu s  in the laboratory anima l are  in

pitnq ress now ; a r a t h e r  l i m i t t e d  a t t e m p t  to demons t ra t e

v e r t i c a l  t r a n s m i ss i o n  of the virus in pregnant Ap’demus

i li , m n i u s  was u n s u c c e s s f ul .  More c a r e f u l  and better organized

e xp e r i m e n t s  on v e r t i c a l  t r a n s m i s s i o n  o f t h e  virus are

r t ’ iue sted , such t h a t  a def  i native cont ’l u s  ion on this problem

may he r eached
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~ah1o I
1 a I i •nn1 ~‘a ~es ~) I Korean hemorrhagic

l t ’vt ’i ; - ,m t loots

I’S K or ea n  K or e a n  Totali o r c es army c iv i lia n

l~~51 827 . . . . . . 827
1q 5 2  8 H . . . . . 833

455 . . . . . . 455
307 . . . 32~

1’~55 20 • . . . . . 20
2~ . . . 54

l’~ ’Y7 13  2 1 . . .  34
1 1 58 15 20 . . . 35
l t~~t) 4 7 . . . 126
1960 10 185 . . . 195

2 7  ~4 1 . . . 368
I -) t 2  29 311 . . . 340
1963 11 257 . . . 268
1’~t~4 2 2  205 18 2 4 5

99 110 2 2 11
1 16t  82 11. 129
1’- ) n 7  31 86 13 130 -

~~~

1 ’b 8  28 102 13 143
196~ ‘1 1 ~4 8 151
I ’~7O 11 221  85 319

f 1 17 1 2 358 311 67 1
11172 0 2 0 3  389
i~~73 0 237 241 4 7 8
11174 0 2 51 170 4 2 1
1’17 5 1 370 4~~6 8 3 7
1 17 6  4 304 5 2 1  S 7 9
l~~77 7 2 1 2  288 507
1q 78  10 lt ’ 8 201 379

‘t i  ii ~~~~~~ 4 , 25 1 2 ,~~S 3  9 , 7 2 0

F~u t a l i t y  5% 7% 8% ~ . 6 %
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‘I’ ab l€ ’ 4
Isolation of KIIF virus fro~i blood of K I I E  bat i e n t  by
inoculation into Apodemus aqr arL ilr je~ udoica

Code of Sex/ Phase of Day Antibody No. of infected
p a ti e nt  Age i l l n e s s  blood titer No. inocula Led
7 11—109 M/ 2 1  F’e b r ile  4 <8 4/~~~
7 6 — 2 1 2  M / 2 1  “ 2 <8 0/5
7 6 — 2 33 M/ 2 2  Oliguric 3 <8 2/ 1~~
76-253 M/21 Febrile 2 <0 0/3
71-259 ~/‘2l 

“ 3 <8 0/2
7 6 — 2 6 0  M/ 22  O l i g u r i c  5 <8 0/5
7 6 - 2 6 7  M/22  Febr ile  3 <8 0/4
7 6 — 2 7 0  M/ 23  “ 5 0/5
7 6 — 2 7 4  M/2 1 “ 3 <8 0/4
7 6 — 2 8 8  M/22  “ .2 <8 0/5
7 6 — 3 8 7  M/ 2 1  O l i q u r i c  6 <8 0/5
7 7 — 13 7  M / 2 3  “ 4 512 9/ l~~~’
7 7 — 1 8 4  M/21 ‘ 6 4 , 09 1 0/ 3
7 7 — 2 1 6  ~ /2 2  F’e b ri le  2 0/3
7 7 — 2 1 9  M/ 2 2  Diuretic 3 128 0/3
77— 231 M/22 Oliguric 5 512 0/3
77 — 232 ‘.1/21 Diuretic 6 2 ,048 0/3
77—256 M/23 Febri le 3 32 0/3
7 7 — 2 5 7  M/ 2 2  D i u r e t i c  4 4 , 096 0/3
77—258 M/23 “ 6 4 , 096 0/3
77— 259 M /21 Febrile 4 512 5/i’~/7 7 — 2 9 9  M/ 26  O l i g u r i c  4 4 , 096 0/3
7 7 — 3 0 0  M/ 2 2  “ 5 4 , 096 0/3
7 7 — 3 0 8  M / 2 3  D i u r e t i c  4 512 0/2
7 7 — 3 0 9  M/ 2 1 Febr i le  3 512 0/3
7 7 — 3 3 2  M/2 1 “ 3 512 0/3
7 7 — 3 3 3  M / 2 2  “ 3 <8 2/6’+’
7 7 — 3 3 5  M/ 23  ‘ 3 2 , 048  5/6W
7 7 — 3 5 0  M/ 22  r iu r e t i c  5 4 , 096 0 / 3
7 7 — 3 5 1  M/22  Febr ile  3 2 , 048  0/ 3
7 8— 105  M/2 1 “ 3 1, 024  0/4
78— 151  M/2 1 Ol i g u r i c  4 1, 024  0,’3
78—182  M/ 22  Febr i le  5 256 0/5
78—199  M / 2 2  Oliguric 4 512 0/6
7 8 — 2 0 0  M/ 2 2  D i u r e t i c  4 1, 024 0/6
78— 228 M /22 Febrile 5 512 0/ 6
78— 229 M/ 23 “ 4 512 0/6
78— 2 30 M/22 Diuretic 4 512 0/6 - -

cont inued
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78— 2 ~l ~ 21 Oliqur ic 5 1 ,021 0/7
8 — 2 3 2  ~~ 23 “ 512  0/ 6

7 8 — 2 3 3  M 2 3  “ 1 1 , 0 2 4  0~ 6
7 8-2 i ’ 7 ~~ 21 i- ’ohri le <l (~ 0/3
78— . 73 ~ 22 Diuret i c 4 (lt~
7 1 3 — 2 75 ~l 22 H yb ot ’ .’n s i ve  4 <1 0 t~
78-277 ~I 23 Febrile I <It’ 0,- 4
78~~2 I 3 s ‘1 31 4 1 ,024 0/3

~ 22 D i u r e t i c  5 1 2  0/3
78— U 8  ‘ . 1-21  Hy p o t e n s i vt ’ ‘ ‘~287 8 — 3 1~ ~ 22  D i u r e t i c  128 0/ 3
7 1 3 — 1 2 0  M . 2 3  “ 4 256  0/3
7 8 — 3 2 1  ~~ 22 128 0/3
7 8 — .’ 76 ~ 2 2  5 512 0
7 8— ; ? S 1 ~ 2 2  O l i ’ iu r i c  -

~ 1 2 13 0/6
7 8 — 2 ~~2 Y 2 2 Fob ’ i l e  5 51 0/6
7 8 — 2 1 3 4  ‘1 22 ‘ 5 12 8  0 - - 3
7t ~— 2 R 5  ~‘1 2 ] .  D i u r et i c  4 1, 0 2 4  0 - 3
78~~2 -136 ~t 23  4 51.’ 0/ 5
7 1 3 — 3 4 t 1  M 23 < 1 ( ’  0/5
7~~-~~48 ‘~ 28 Flypotensi \’e 4 2 5 ~ 2 - s ’~’
7 8 — ~~4 ’~ ‘-723 Oliquric 5 1 ,024 0/3
7 1 3 —  150 “~ 2 2  “ 5 2 56  0/ 3
78— 373 ~t .22 ~ ‘ 25t’ 0 - -’2
7 8 — 3 7 2  ~I - 2 1 I- ’eb r ile  4 ‘4 0 , 3
7 8 — 3 87 ~1. 22  ‘ 3 328 0/5
/8— 188 ~-t 23 4 1 ,024 0. 5
7 8 — 3 1 3 9  ~~ 2 1 “ 1,024 0 - 5

Repea tOll w i t h  or i q in.i l i i  -l t -S1 s j ’ccimens t h a t  wer e
k~~~’t i n  ( ‘0 ° C 1 r 10 — I t ’  m o n t h s  and con I i  rme l l
the  r e s u l t s .

Total  No. of KH F v i r u s  i i ~ ’l . i t ed
Tot  a 1 No . of b I eo’.i spec i men t ested —
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Table 5
Attempts to isolate KHF virus from urines of K!IF patients
in  Apodemus

Code No.  Day No. of Apodemus
of patient urine infected/no , tested

4 78—275 4 0/3

5 78—276 5 0/3

6 78—277 4 0/3

7 78-281 4 0/3

8 78—282 5 0/3

9 78—284 5 0/3

10 78—285 4 0/3

11 78—286 4 0/3

31
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Table  8
1 nc 1 lence of  i minuno f 1110 r’.’scen t ant i h Cd i es t o Ki l l -’ vi rus
in huma n ser i

- Antibod y t o  K i l l ”  V i rus
L lr o up  . -No. of Positive

No. of Tested ~~~~~~~

1~eside n t  ot  h y p o r —
enclemi .c area , Tongduchun 148 (4.0)

R e s i d e n t  of neat - end emic 
- (2 7)a r - i , Chunchu n 7

Rosilent of non—endemic (1 8)ar ea , Seoul 132  -

M i l i t a r y  personnel 
~ (0.5)

( u . s .  Army ) 1 4 3

I -~

_ _ _ _ _ _ _ _ _ _  --~~~~~~~~~~ — - ‘ - 
~~~~~~~ - -
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TABLE 9
OCCURRENCE OF IMMUNOFLUORESCENT ANTIBODIES AGAINST KHF

VIRUS AMONG RESIDENT OF ENDEMIC AREAJ TONGDUCHUN

[

Age 
1 

Sex 

- - 

~~Tested Total No. Tested

- M 3

F 2
11 — 20 L————- -

~~ —-— - — — - -

I 
M 4 6

F 3 5 ( 2 ) *~
- 21 — 30 —----- - - - 3
I 

M 2 0 ( 1 )  - 55

F I 1 5 ( 2 )
31 — 40 ——— -- 

~~~~ 
-— - 2 3

M 22 ( 1 )  37

F 8
41 — 50 - — - -  0

M 20 28

- F 0
- 51 > 51 - - -  _ _ _ _

M 16 16

- F 6 3 ( 4 )  6Total M 5 2 ) 148 (4.0%)

* ( ): No. of positive

I-’

_ _ _ _ _

L. - _ _ _ _ _ _ _ _ _  -



TABLE 10
OCCURRENCE OF ANTIBODIES AGAINST KHF VIRUS

AMONG THE RESIDENT OF CHEUNCHUN J KWANGWON-DO

No.  I No. PositiveAq e t r eup  Sex Tes t ed  Total No. Tested

:10 0/ 3

11 - 2o 
— ------- —- - - - - - - - 0/35

M 12

F 4
21 — 30 - -- - - - -- 

~
- 1 1/ 11

___________  

7( 1 ,~

F 2
31 — 40 — —---- -—---

~ 0/6

_ _ _  - _ _— - _ _

F 4 ( l ) J
41 - 50 — - - - -—

~~ 
— 1 ~7

M 3

F l  3
Si  — 60 ~~~~~~~~~~~~~ 0 ‘7

_ _  

M 4
_ _ _  - —  -—

~~~~~~~~

- - - _ _ _

I F  0

~~t~ I I 0/4
- M 4

_ _ _ _  - -___ _ _  _ _ _ _

1-’ 38w
Tota l 2/73 (2. 7%)

~ L ~~~ _ _ _

* ( ) ~ N ’  of p o s i tiv e
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TABLE 11
OCCURRENCE OF ANTIBODIES AGAINST KI-IF VIRUS

AMONG THE RESIDENT OF SEOUL

No. No. PositiveAge Group Sex Tested Total No. Tested

F 8
1 — 10 0/18

M 10

F 3
11 — 20 - -

~ 

0/7
M

F 11
21 — 30 0/18

M 7

F 10
31 — 40 0/31

M 21

F 8
41 — 50 0/25

M 17 
-

F 7(1?
51 — 60 1/20

M 13 :-

F 6
>61 

~~~~~
— 0/13 - -

7

F 53(1)
Total 1/132 (0.8%)

M 79

* ( ) : No of pos i t ive

37
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Tab le  14
M I t  it ip 1 i~~~i t 1 on 0 t K or e an  hemo i r  hag i c t e~’ v i rus
a~~d a n t i  h o l y ICL;pons(- in animals

~~~) . 1 t t  - t e l  C l i n i c a l  An t i body

— - -~~~~~ - - — - 

N o .  i n oc u l a t ed  s i  -t s ’ r

0 [Th A 2N m i c e  0/10 — —
~ u - k l  i nq  h a m s t e r , S y r i a n  0/8 — —

A d u l t  h a m s t e r , ~ \ ‘r - j a n  0/ i  7 — —
I l a m s t e l  , Chinese 0/4 — —
M o n q o l l a n  Ge r b i l  0/6 - —

Cr l c e tu l u s  t r i t o n  nest er 0/18 — —

M 1 c i o t u s  f o r t i s  0/4 — —
pelliceus

Cle thr ionomy s  
0 4rufocanus re i ul us / - -

T a m i a s  s i b i r i c u s  0/3 — — 
- 

-

Mus musc-ulus 0/I — —
S uc k l in q  a l b i n o  mice  0/88 — +
A d u l t  a l b ino  mice 0/7 -

(‘57 81 -6 mice O / l -I — +
C 3H mice 0/4 — +
Rat ~~5 .D.  0/ 15 — +
Rat/Wister 0/20 — +
Rattus norvegicus 0/16 — +
Gu ine a p igs 0/~’3 — +
R a b b i t , Newzealand  0/ )  - +
S i u i r r e l  monkey O/~ — +

Cynomoloyus monkey 0/3 - +

Rhesus monkey 0/ 3  -

Apodemus p en insu l ae  o,’~~ - +

gi liacus
Apodemus speciosus 0/3 - +
Apodemus agr a r i u s  

~~~~~~ - +
coreae

A podemus a g r a r i u s 46/46 - +
e j  udo i ca

Apodemus agrarius 
1 ’  +ninyp oensis -

40
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Tab le 16
Co r a t  ive  IF an t i b o d y  t i t r a t i o n  of sera f rom p a t i e n t s
of KU F , of Japanese hemor rhag i c  f e v e r  and of nephropa th ia
~- : - i d - m i c a  w i t h  K}{F v i r u s  a n t i g e n  of i n f e c ted Apodemus
t L s s u es  and of in f e c t e d  A 5 4 9  ce l l s

- Ant ibody t i t e r  t o  KFI F v i r u s  a n t i g e n  of
Apodemus lungs  A549  ce l lsserum ~o. -(No . p o s i t i v e / n o, tes ted)

K }I F / 7 E ~— 416 4 , 096  32
K H F / 7 8 — 4 17  1, 0 2 4  32
~< }{F/ 78 — - l l8  1, 024 16
KHF/78—119 1,024 <16
K1{F’78— 420 1,024 16
K H F / 7 8 — 4 23 2~~6 16 -

. 

-

KHF/78—431 4,096 64
KH F /78— 432 256 64
K H F / 7 9 — 2 1 - - 3 64 ( 18/ 18) 32 ( 11/ 18)
K H F / 7 9 — 2 2  128 <16
K I - I F / 7 6 — 2 1 2 , 048  256
K H F / 7 9 —  5 1, 024 <16
K U F / 7 9 —  9 2 56 <16
KHF/79—21 — 5 4 ,096 128
K H F / 7 9 — 4 5  256  < 16
KHF/7 9 — 5 3  8 ,192 25 6
KFIF/79—54 8,192 <16
KHF/79— 56 512 < 16

EHF/41 128 128
EHF/57 128 32
EHF/59 128 32
EHF/ 7 5  32 <16
EHF/81 64 <16
EEI F/ 82 32 <16
EHF/Y1 2 ,048 (14/14) 64 (5/14)
EHF /Y2 128 <16
E H F / Y 3  64 < 16
E F- {F/Y4 128 < 16
E}-IF/Y5 256 <16
EHF/Y6 64 <16
EHF /Y7 64 <16
EHF - r ’2  256 256

42
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-

Nl - / 4 32 ~< 16  - -
N i  5 32 < 16
N E ,’ 6 32 32

10 64 64
\E/18 32 <16
NE/20 32 32
N E / 2 1  32 ~~16
N E - ’2 < )  2 ( 1 5/ 1 5 )  32 ( 9/ 15)

32 32
128 128

N E  35 32 ~ 16
NE/36 ~2 32 L46 128 32

128 ~~l6

KU F : Korea n 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~

E H F :  E p i d e n - i c  h e m o r r h a g i c  feve r , Japan -
;

N i-: Nephropathia epidernica , Finland

- 13
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Table  1 7
C o m p a r a t i v e  IF a n t i b o d y  t i t ra t i o n  of sera f rom i n f e c te d
a n i m a l s  w i t h  KHF v i r u s  an t i ~~er a t  i n t e c t e d  Apodemus l ung
t i s - ~ues i~~ d ‘t  i nt e c t e d  A5 4~

) c e l l s

A ni m a l/  Ant ibody titer to KHF v i r u s  a n t i gen of
u~- r u m  N i ) . Apodemus l u n g s  A5 49  ce l ls

____ 

(No . p o s i tiv e /n o , tes ted )

Ic -od~-nius /1 3 — 2  2 5 t  32
A p o d e m u s / 13 — 3  2 5 t ,  32
A p od e m us/ 13— 4  2~a’ (16
Apo~iernus/ 14-1  2 5 6  32 p

Apodemus/ 14-2 256 32
A p o d e m u s / 14 — 3  32 (12/12) <16 (8/12)
Apodemus/ 15—l 1, 024 256 A
Apodemus/ 15-2 251- 256 - 

-

Apodemus/ 15-3 32 <16
Apode n iu s/7 9— 102  12 8 ~ 16
A p o d er nu s / 7u - lO -l 128 64
A po der nu s  ‘7~~_ l o~~— 2  128 64

R a b h i t ,/ ~1 128 <16
R a b b i t  :10 128 < 16
Rabbit/26 6-1 <16
Rabbit/28 128 <16
R a b b i t  ‘30 25 6  (q/9) <16 (2/9)
Rabbi t /4S 2 ,0-1 8 64
E i b b i t  46  1, 0 2 4  64
R a b b i t  ‘47  ~ , O24  < 16
R a b b i t /4 8 1 ,02 < 16

f l i t - - w a k -  1 l , O 2 ~ 256
Ra t— ’wak— 2 32 32

it /wak— 3 2 ,04R 256
Rat /wa k— 4 “4 <11
Rat /wak— 25 2 ,2-1 8 (~ 8) 256 (7/8)
Rat/wak— 26 1 ,02-1 128
E-it/wak—34 512 32
Rat /wak— 37 2 , -~ 48  1, 0 2 4

-3 -3
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128 <16
<16

64 <16
128 <16
25 ’ -  ( ‘) , I ) <16 (2 / 9 )
04 8  64
0 2 4  64
124 < 16
0 2 4  < 16

02- 1 2~~€’
32 32

256
“4 <16

0 - 1 8 ~ 8’ 256 (7/8)
0’4 128
51. 32
048 1,024
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